Introduction
Visual perception is the process by which individuals assign meaning, understanding, and interpretation to what they have seen; it is "the intermediate step between simple visual sensation and cognition" (Beery & Beery, 2006, p. 10) . Visual-motor integration (VMI) is the "degree to which visual perception and fingerehand movements are well coordinated" (Beery & Beery, 2006, p. 12) . Again, it is a skill that people frequently use in their daily life activities including drawing, printing numbers, and handwriting. Therapists, educators, and others often assess the visual perceptual skills and VMI skills of children and adults both separately and together (American Occupational Therapy Association [AOTA], 1991; Brown, Rodger, Brown, & Roever, 2005; Schneck, 2005) .
Visual perceptual tasks often involve some form of motor-based skills and are therefore often referred to as motor-reduced visual perceptual skills (Auld, Boyd, Moseley, & Johnston, 2011) . "Generally, tasks used to measure visual perception involve visual-motor integration (eyeehand) activities and visual activities that require little or no motor ability" (Hammill, Pearson, & Voress, 1993, p. 4) . It is an important component in cognitive development, learning, memory, functional performance, and many of the daily activities that people engage in. VMI tasks involve both motor and perceptual skills and are often referred to as being motor enhanced. Matching is an example of a motor-reduced visual perceptual activity (e.g., showing a child a picture of a rectangle and asking him/her to point to the same picture from a range of options on a page), whereas copying a picture of a rectangle from a visual example is an example of a motorenhanced VMI activity (e.g., show a child a picture of a rectangle and then ask him/her to draw the same geometric design on a piece of paper with a pencil). Both skill sets are key foundation competencies for students to be successful at school.
Some standardised tests such as the Motor-Free Visual Perception Test-Third Edition (MVPT-3; Colarusso & Hammill, 2003) and the Test of Visual Perceptual SkillsThird Edition (TVPS-3; assess motor-reduced (also referred to as motor free) visual perceptual skills only, while other tests such as the Developmental Test of VMI (Beery & Beery, 2006) , the Full Range Test of VMI (Hammill, Pearson, Voress, & Reynolds, 2006) , and the Test of Visual-Motor Skills-Third Edition (Martin, 2008) assess motor-enhanced VMI skills only. The Developmental Test of Visual Perception-Second Edition (DTVP-2; Hammill et al., 1993) includes both motor-reduced visual perceptual and motor-enhanced VMI subscales.
Theoretical perspectives vary in considering visual perceptual skills and VMI abilities as related, dependent constructs or as two independent factors (Schneck, 2010) . Some researchers have suggested assessing VMI skills independent of motor-reduced visual perceptual skills (Hammill et al., 2006; . Hammill et al. (1993, p. 5) state that "a comprehensive evaluation of a child's visual perception should include assessment tasks that are exclusively visual perceptual (requiring little or no motor abilities) and tasks that involve visual-motor integration or visually guided motor behavior." This begs the question, are motor-reduced visual perceptual skill constructs predictive of motor-enhanced VMI skill constructs? Further study to answer this question is needed.
There has been an ongoing debate in the empirical literature about the relationship between motor-reduced visual perceptual skills and motor-enhanced VMI skills for the past few decades. One school of thought stipulates that the two skill sets are related, interdependent systems where visual perceptual abilities are reflected in motor responses (Leonard, Foxcroft, & Kroukamp, 1988; Lord & Hulme, 1987; Murphy & Gliner, 1988; Sigmundsson, Hansen, & Talcott, 2003; Sigmundsson & Hopkins, 2005; Wilson & McKenzie, 1998) , while another body of research argues that the visual perception and VMI skill sets are independent, sovereign systems (Bonifacci, 2004; Colarusso & Hammill, 2003; Henderson, Barnett, & Henderson, 1994; Henderson, Pehoski, & Murray, 2002; Schoemaker et al., 2001) . "The rationale for this premise is that visual perception and motor development are, to a considerable extent, autonomous systems" (Hammill et al., 1993, p. 4) .
Visual perceptual and VMI constructs as related skill sets
A number of studies have compared children with known motor skill difficulties (sometimes referred to as clumsy or more recently as having a diagnosis of developmental coordination disorder [DCD] ) and typically developing peers with the intent to investigate whether the difference in motor performance between the two groups was due to visual perceptual problems. Indirectly, this examines the relationship between motor-reduced visual perceptual skills and motor-enhanced VMI skills in children. Hulme, Smart, and Moran (1982) compared British children with known motor skill problems with a typically developing control group on assessment tasks that required simultaneous visual judgments of line length, and concluded that "the clumsy children have appreciable difficulty in simply perceiving the length of visually presented straight lines accurately" (Hulme et al., 1982, p. 478) . There was a consistent tendency for visual discrimination problems to occur in conjunction with clumsiness in children. In another British study, Lord and Hulme (1987) determined that children with known motor skill difficulties performed worse than typically developing peers on spatial judgments. The conclusion from the two studies was that "clumsy children's motor problems are a result, at least to some extent, of imperfect visuo-spatial perception" (Lord & Hulme, 1987, p. 225) . More recently, in another British study, Henderson et al. (1994) replicated the studies of Hulme and colleagues and found no correlation or causal relationship between the magnitudes of visual perceptual skills and motor impairments exhibited by children. Tsai, Wilson, and Wu (2008) looked into the prevalence of motor-reduced visual perceptual skill problems in a sample of 178 Taiwanese children aged 9e10 years with DCD along with a control group of 200 healthy peers using the TVPS-revised (TVPS-R; Gardner, 1996) . Children with DCD performed significantly poorer compared with their healthy peers on all the seven TVPS-R subscales plus an overall visual-perceptual performance. examined the relationship between visual perceptual deficits and motor impairments in 60 Taiwanese children presenting with DCD along with a control group of healthy children. Their findings indicated that visual perception and motor skills in timed tasks were significantly correlated and it was noted that motor-reduced visual perception appears to be significantly related to most motor performances having a speed component. Barnhardt, Borsting, Deland, Pham, & Vu (2005) investigated the type and frequency of errors of a group of American children presenting with below average VMI skills during a written language and math task. Their findings indicated that children with poor VMI skills made significantly more errors related to the alignment of numbers, organisation of math problems, and spacing errors of letters and wordsdall skills that have a visual perceptual component. Barnhardt et al. (2005) suggested that these results indicate reduced VMI skills that may be attributed to poor spatial organisation of written work during writing and performing math tasks. This indicates a link between visual perceptual skills and VMI skills.
In another recent study, Sigmundsson and Hopkins (2005) compared the visual recognition and visual closure skills of a group of 8-year-old British children with known eyeehand coordination problems with a healthy control group. It was determined that children with eyeehand coordination difficulties identified fewer correct objects (e.g., visual recognition) compared with their control group peers. "This finding raises the possibility that the visual processing problems of clumsy children contribute to, or even strongly determine, not only their movement problems but also their learning difficulties" (Sigmundsson & Hopkins, 2005, p. 157) . This provides evidence that the motor-reduced visual perceptual and VMI systems are linked.
Visual perceptual and VMI constructs as independent skill sets Some studies support the independence of the motorreduced visual perceptual and motor-enhanced VMI systems. Schoemaker et al. (2001) indicated that children with DCD only differed partially in their perceptual abilities (particularly Visual Closure and Position-in-Space) in comparison with a healthy control group. They were not able to infer a direct causal relationship between visual perceptual deficits and motor problems, and went on to suggest that low scores on the motor-reduced visual perceptual test items were in part explained by the motor component present in some of the motor-reduced visual perceptual test items themselves. Henderson et al. (1994) also found that visual perceptual and motor skills were uncorrelated. Harber (1979) investigated the relationship between visual perception, VMI, and reading performance of a group of American children. Harber's findings suggested that the relationship between VMI and reading was greater than between visual perception and reading, thus providing evidence that the two systems are independent of each other. Leonard et al. (1988) explored the independence of visual-perceptual and visual-motor abilities in a group of 40 boys and girls from South Africa by correlating the children's scores from a motor-reduced visual perception test with scores from tests of VMI and general motor ability. Small, but significant correlations were found between the motorreduced visual perception and VMI test scores, but no significant relationship was found between motor-reduced visual perception and general motor ability scores. "These findings support the premise that tests of visual perception, visual-motor integration, and motor ability measure different skills" (Leonard et al., 1988, p. 423) .
In a well executed study, Bonifacci (2004) examined the motor-reduced visual perceptual, VMI, and intellectual skills in a group of Brazilian children with low, average, and above average gross motor skills. The study results indicated a significant difference in VMI skills between children with low and high gross motor skills. However, no differences between the low and high gross motor skills groups were revealed in motor-reduced visual perceptual skills or intellectual ability. Van Waelvelde, De Weerdt, De Cock, and Smits-Engelsman (2004) explored the relationship between motor-reduced visual perception, VMI, and motor skills in children with DCD. A total of 36 Belgian children with DCD aged 9e10 years and a control group matched for age and gender were recruited. The children with DCD had significantly lower performance scores on all skill measures. It was discovered that the association between visual perception problems and motor tasks were task specific, for example, the visual timing task correlated significantly with the ball-catching tasks. Parush, Yochman, Cohen, and Gershon (1998) hypothesised that the motor-reduced visual perception and VMI were separate functions in typically developing children, but not in clumsy children who were found to have problems with both skill sets. Parush et al. (1998) compared a typically developing control group to children with known motor skill deficits. The children identified as clumsy had significantly lower performance scores on fine motor skills and visual processing (particularly Visual Memory and Visual Spatial Relationship) test items. Parush et al. explained their findings by claiming that motor-reduced visual perceptual and VMI systems develop independently of one another in typically developing children, whereas in clumsy children the two systems are interconnected because incorrect visual perceptual processing contributes to incorrect motor functions.
Given the two contrasting theoretical camps of thought regarding the relationship between motor-reduced visual perceptual and motor-enhanced VMI skill constructs, the following research question was posed: are the seven motor-reduced visual perception skill construct subtypes as measured by the TVPS-3 predictive of any of the four motor-enhanced VMI skill construct subtypes as measured by the DTVP-2?
Method Research design
A crosssectional, nonexperimental research design that involved convenience sampling was used.
Participants
For the purpose of this study, children were defined as persons aged between 6 and 12 years of age. A total of 45 children aged 6e12 years who were full-time students attending schools located in the metropolitan areas of Melbourne, Victoria, Australia were recruited to take part in this study. The exclusion criteria for this study were children who did not have a signed consent form from their parents/guardians, who did not attend a mainstream school, and who would not be able to follow instructions given in English. Children with a known history of developmental, learning, or other health-related problems were also excluded from this study. Inclusion criteria were having signed consent from parents or guardians, being aged 6e12 years, attending a mainstream school, and having no history of a known neurological, developmental, psychosocial, or learning disability.
Instrumentation
The instruments used in this study were the DTVP-2, TVPS-3 tests, and a demographic information sheet for each participant. The DTVP-2 and TVPS-3 are standardised norm referenced tests and specific details of both tests, including reliability and validity information, are reported in Appendix 1. The rationale for selecting the DTVP-2 and the TVPS-3 tests is that they are two of the most commonly used tests of visual-motor and visual perceptual abilities of children and they both have an established body of psychometric evidence published about them.
The DTVP-2 includes a battery of eight subscales that measure different but interrelated motor-reduced visual perceptual and motor-enhanced visual-motor abilities (Brown, Rodger, & Davis, 2008; Cheung, Poon, Leung, & Wong, 2005) . The four DTVP-2 subscales that measure visual perceptual abilities with minimal motor involvement are Position-in-Space, FigureeGround, Visual Closure, and Form Constancy . The other four subscales (EyeeHand Coordination, Copying, Spatial Relations, and Visual-Motor Speed) require enhanced motor involvement (referred to as VMI) where the participant is required to make his/her responses in a supplied testresponse booklet . Definitions of the four DTVP-2 VMI subscales, that are included in this study, are presented in Appendix 2.
The TVPS-3 is a revision of TVPS (Gardner, 1982) and the TVPS-R scales. It consists of seven subscales that measure an individual's visual perceptual abilities with minimal motor involvement, thus providing a profile of strengths and weaknesses in motor-free visual perception. The TVPS-3 consists of 112 items divided evenly into the seven subscale constructs: (a) Visual Discrimination, (b) Visual Memory, (c) Visual Spatial Relationships, (d) Visual Form Constancy, (e) Visual Sequential Memory, (f) Visual FigureeGround, and (g) Visual Closure . Definitions of the seven TVPS-2 visual perceptual subscale constructs are presented in Appendix 2. For information on the reliability and validity of TVPS-3, please refer to Appendix 1.
Statistical analyses
Data were entered and analysed using the Statistical Package for Social Science version 17.0 (SPSS Inc., Chicago, IL, USA). Mean scale scores and standard deviations (SDs) were calculated for the DTVP-2 and TVPS-2 subscales. Four separate standard multiple linear regression analyses were completed, with the four DTVP-2 VMI subscales being the dependent (criterion) variables and the seven TVPS-3 subscales being the independent variables. Statistical significance was set at .05. Regression can be "used to explore the relationship between one continuous dependent variable and a number of independent variables or predictors" (Pallant, 2007, p. 146) . In order to utilise regression analyses, certain assumptions need to be accounted for to ensure that the conclusions drawn from the results and the relationships between independent variables are accurate (Tabachnick & Fidell, 2007) . These assumptions relate to multicollinearity, homoscedasticity, normality, linearity, and outliers.
Procedure
Before the commencement of this study, ethical approval was granted by the Human Ethics Advisory Group, Faculty of Health, Medicine, Nursing and Behavioural Sciences, Deakin University and by the Victorian Department of Education and Early Childhood Development. Convenience sampling was used to recruit participants. In an effort to generate a varied sample, two schools in the Melbourne metropolitan area were approached based on them being in different geographical locations and socioeconomic status area classifications.
A total of 43 plain language statement and consent form packages were distributed by teachers to parents at the first participating primary school and 57 were given out at the second primary school. The parents/guardians of the children who provided consent, returned their completed consent and demographic forms to a drop box located at each school. At the first school, 21/43 consent forms were returned (response rate of 49%) while 24/57 were collected at the second school (response rate of 42%). All the 45 consent forms were collected and the 45 children were enrolled in the study. Before the DTVP-2 and TVPS-3 tests were completed by the children, they were all asked for their verbal assent by the researcher. All of the children gave their verbal assent to complete the two tests.
The DTVP-2 and TVPS-3 tests were administered on a one-to-one basis with each child sitting in a quiet and comfortable space at the child's school at a convenient time identified by the child's classroom teacher. Administration specifications of DTVP-2 and TVPS-3 were followed as per their test manuals . Pencils were provided along with the DTVP-2 response booklet. Even though only the four DTVP-2 VMI subscales were used in the data analysis for this study, the test was still administered in its entirety so as to ensure fidelity of administration as per the DTVP-2 test manual. Each child was able and encouraged to take a rest break at any time during the administration of the two tests. The sequence that the two tests were administered to each child was randomised to minimise a "test order bias effect" from occurring.
Results

Participants
The participants recruited for the study were children enrolled in grades one through to six who attended two primary schools in Melbourne, Victoria, Australia. The sample recruited consisted of 45 participants, of whom 22 were male and 23 were female. The average age of the children was 9 years and 4 months (SD Z 1.10 years). On average, it took 60 minutes (SD Z 5.5 minutes) for the children to complete the DTVP-2 and TVPS-3 tests.
DTVP-2 and TVPS-3 scores
The total possible score, mean score, median score, SD, minimum score, maximum score, and interquartile range scores (25th, 50th, 75th percentile) for the DTVP-2 and TVPS-3 total scale and subscales are reported in Table 1 .
Collinearity analysis
In order to utilise regression analyses, certain assumptions need to be accounted for to ensure that the conclusions drawn from the results and the relationships between independent variables are accurate (Tabachnick & Fidell, 2007) . These assumptions relate to multicollinearity, homoscedasticity, normality, linearity, and outliers. Multicollinearity is a condition in which the independent variables are so highly correlated with each other [usually above 0.9 according to Pallant (2007) ] that they indicate they are measuring the same phenomenon or construct. As can be seen in Table 2 , the correlations between the seven TVPS-3 subscales, the independent variables, ranged from .24 to .69. This indicated that multicollinearity was not an issue for the regression analyses.
Homoscedasticity is the assumption that the variability in scores for one variable is approximately equal at all values of the other variable. Homoscedasticity, linearity, and normality were determined by examining the residual plots. According to Pallant (2007) , the normal probability plot should illustrate a reasonably straight diagonal line from the bottom left to the top right, and the residuals should be roughly rectangularly distributed within the scatter plot. The normal probability plots and scatter plots for the DTVP-2 VMI subscale dependent variables were visually examined. The four sets of plots indicated that the distribution of residuals were acceptable and that the sample was linear, approximately normally distributed, and homoscedastic.
Potential outliers were detected through inspection of the Mahalanobis distances. According to Pallant (2007) , depending on the number of independent variables, the critical chi-square value can be determined. This value states the maximum Mahalanobis distance any case can have before it is deemed an outlier. Using a p < .001 criterion for Mahalanobis distance, no extreme multivariate outliers were identified. Table 3 
Regression analyses
Discussion
This study examined whether any of the seven motorreduced visual perception constructs as measured by the TVPS-3 (independent variables) were predictive of the four subtypes of VMI constructs as measured by the DTVP-2 (dependent variables). The four DTVP-2 VMI constructs were (a) EyeeHand Coordination, (b) Copying, (c) Spatial Relations, and (d) Visual-Motor Speed . The range of total variance accounted for in the four DTVP-2 VMI constructs varied from 29.3% to 60.10%.
Interestingly, in three of the four regression models completed, two of the seven TVPS-3 motor-reduced visual perceptual constructs were significant predictors; those 
TVPS-3 visual sequential memory and visual figureeground constructs
The TVPS-3 Visual Sequential Memory construct as an independent variable accounted for 5.40e14.60% of the total unique variance in three of the four DTVP-2 VMI constructs. Visual Sequential Memory, as measured in the TVPS-3, is defined as the ability to remember visual information that is presented in a sequence or pattern (e.g., sequence of numbers, letters, or geometric shapes) . Two everyday examples of where visual sequential memory skills are used are (a) looking at a phone number, trying to memorise it, and then recalling it and (b) reading two lines of a poem, and then trying to recall those lines at a later time. Visual Sequential Memory is more challenging than just Visual Memory (also measured by the TVPS-3) as it involves looking at and then recalling multiple chunks of visual information in the correct order. The TVPS-3 Visual FigureeGround construct as an independent variable accounted for 3.10e4.90% of the total unique variance of the same three DTVP-2 VMI constructs. According to the TVPS-3 manual, Visual FigureeGround is defined as the ability to find and focus on an object/figure in a distracting, conglomerated background or when it is hidden . Examples of using visual figureeground skills in everyday life include completing a crossword puzzle, looking for a street name on a map, or scanning a newspaper for a particular phrase or picture.
From the results of this study it appears that motorreduced visual perception and VMI as skill-based constructs are closely linked. Gibson (1979, p. 223) stated that "we must perceive in order to move, but we must also move in order to perceive" and this fits with the constructs being linked with each other. According to Davranche, Burle, Audiffren, and Hasbroucq (2005) , information processing involves six stages, namely, three perceptual stages referred to as stimulus processing, feature analysis, and stimulus identification; a central stage called response selection; and two motor stages labelled motor programming and motor adjustment. Visual perception may be linked with the three perceptual stages while VMI may be more aligned with the two motor stages. Wilson and McKenzie (1998) conducted a meta-analysis on the information processing deficits of children with DCD and found that children with DCD were inferior on almost all measures of information processing, with more significant deficits in the area of visual-spatial processing when compared with healthy control groups. These skill deficits were more notable for visual perceptual tasks that required a motor response; however, deficits in visual perceptual tasks without motor requirements were also found. This can partially explain why the motor-reduced visual perceptual constructs are significant predictors of the VMI constructs.
Problems with visual processing including visual perceptual functioning, visual sensitivity, and visual information processing have been reported in children with DCD (Sigmundsson et al., 2003; Van Waelvelde et al., 2004; Wilson & McKenzie, 1998) . According to Tsai and Wu (2008, p. 469) , the associations between Visual Memory with manual dexterity and ball skills and Visual Sequential Memory with manual dexterity skills in children known to have DCD indicates that "a pervasive memory deficit plays a crucial role in learning problems" they experience. Parush et al. (1998) also found that Visual Memory and Visual Spatial Relationships were significantly correlated with motor function problems and suggested that incorrect visual processing was linked with poor motor skills. * Correlation is significant at the .01 level (two-tailed). ** Correlation is significant at the .05 level (two-tailed).
DTVP-2 eyeehand coordination construct
The DTVP-2 EyeeHand Coordination subscale requires a child to draw a continuous line within four designated paths, which get increasingly narrow and involve angles and curves. Scoring is divided into segments and intervals, and each segment in turn is given a score. The score is dependent on whether the child has extended outside the visual boundary of the path (and to what extent, marked by the intervals) or whether the child lifted his/her pencil, in which case a score of "0" would be obtained for the segment where the pencil is lifted . The TVPS-3 Visual Sequential Memory and TVPS-3 Visual FigureeGround constructs as significant predictors (p < .05) of the DTVP-2 EyeeHand Coordination construct explained 5.40% and 4.90%, respectively, of its total unique variance. Because the DTVP-2 eyeehand coordination requires the child to guide his/her hand holding a pencil along a series of visual increasingly narrow trails, this requires skills in manual dexterity, eyeehand coordination accuracy, motor-reduced visual perception, plus a functional pencil grasp. According to the findings, motor-reduced visual sequential memory and visual figureeground skills also play a key role in this construct. Using an informationprocessing approach, Murphy and Gliner (1988) scrutinised the differences between typically developing American children and those with known motor skill problems in their abilities to perform three visual and motor sequencing tasks. Their findings indicated a significant difference between the two participant groups in their ability to recall and sequence visually presented stimuli. Murphy and Gliner (1988, p. 101) concluded that "visual discrimination, recall, and sequencing appear to be difficult areas for some clumsy children. The dominant role of visual perception in performing motor skills has been demonstrated."
In a study by Schoemaker et al. (2001) that involved children with known DCD, the Manual Dexterity subscale of the Movement Assessment Battery for Children significantly correlated with several TVPS subscales including Visual Memory, Visual Sequential Memory, and Visual-Figuree Ground. Tsai and Wu (2008, p. 468) claimed that in children with DCD, "visual perceptual deficit is related to motor performance in the form of eyeehand coordination, visuomotor integration, or graphomotor skill, and negatively influences children's manipulative tasks in daily activities."
DTVP-2 copying construct
In the DTVP-2 Copying subscale, children are shown 20 geometric figures and asked to copy them in a designated place in the test booklet. Children can score "0," "1," or "2" points for each figure as described in the DTVP-2 test manual. A "ceiling point" is reached if a child scores three consecutive "0s" after which the examiner stops scoring the copied forms . The 20 geometric figures become increasingly complex to copy as a child progresses from one figure to the next. Asking a child to copy geometric forms is the most traditional method used to assess VMI. The DTVP-2 Copying subscale mimics the widely used Developmental Test of VMI (Beery & Beery, 2006 ) that has been around since the 1960s in that it requires children to copy a series of geometric forms, but the forms included in both tests do vary. The TVPS-3 Visual Sequential Memory and TVPS-3 Visual FigureeGround constructs as significant predictors (p < .05) explained 5.60% and 3.10%, respectively, of the total unique variance of the DTVP-2 Copying construct.
Van Waelvelde et al. (2004) found that a timed assessment task that involved children tracing 27 geometric forms within a 5-minute period significantly correlated with motor-reduced visual perceptual skills. Parush et al. (1998) examined the relationship between motor-reduced visual perception and VMI in two groups of 30 children, one group with known motor problems and one typically developing group. Using the TVPS and the Developmental Test of VMI, Parush et al. (1998) found that there was a moderately significant correlation between the two tests "indicating that about 45% of the variance of one measure is predictable from the other. Stepwise regression analysis indicated that [the TVPS] Visual Memory and Visual Spatial Relationships subtests contribute the most shared variance (multiple R Z .65; % of shared variance 40) to motor functioning." In another study, Leonard et al. (1988) correlated the scores from the Developmental Test of VMI and the MVPT of 40 typically developing 6-year-old children and found that the common variance between the two measures was 13%. Using the same two scales, Harber (1979) found a common variance of 16% when completed by a group of 104 seven-year-old healthy children. Finally, Goyen, Lui, and Woods (1998) also correlated the Developmental Test of VMI and the MVPT scores of a group of 83 Australian 5-year-old neurologically and intellectually normal very-low-birth weight children and found a common variance of 17.6% between the two sets of test scores.
DTVP-2 spatial relations construct
In the DTVP-2 Spatial Relations subscale, a child is shown 10 grids of evenly spaced dots where lines have been drawn connecting some of the dots to form a pattern. The child is then directed to a blank grid where he/she has to copy the same pattern of dots illustrated in the first grid. The total number of correctly connected dots in the grid is added together to calculate the raw score for the subscale . It is similar to the DTVP-2 Copying subscale except that the child has to replicate the same line pattern by connecting the dots. The DTVP-2 Spatial Relations subscale requires children to use visual recognition, form constancy, sequencing, processing, as well as eyeehand coordination skills. The TVPS-3 Visual Memory and TVPS-3 Visual Form Constancy constructs as significant predictors (p < .05) accounted for 6.20% and 7.90%, respectively, of the total unique variance of the DTVP-2 Spatial Relations construct. Sigmundsson et al. (2003) found that children identified as clumsy had below average performances on three tests of visual processing when compared with a healthy peer group. In another study by Sigmundsson and Hopkins (2005) , it was determined that children with poor eyeehand coordination problems had a below average performance on visual recognition tasks. Lord and Hulme (1987) found that children identified as clumsy performed worse than typically developing peers on spatial judgment assessment tasks. Dwyer and McKenzie (1994) evaluated the contribution of visual memory to motor coordination problems in a group of 19 boys aged 9e13 years, who were identified as clumsy, and comparing them with a matched control group by evaluating their graphic reproduction abilities under two time conditions: immediate recall and a 15-second delay. There was no significant difference between the two participant groups on immediate recall, but the reproductions were markedly less accurate after the 15-second delay. Dwyer and McKenzie (p. 187) concluded that "the visual memory of children who are clumsy is inferior to that of children who are not motorically impaired."
DTVP-2 visual-motor speed construct
In the DTVP-2 Visual-Motor Speed subscale, the child is presented with different shapes and then asked to draw lines in as many appropriate designs as possible within a set time . There are four different shapes that the child is presented with: a large circle and square and a small circle and square. Then the child is asked to draw two horizontal lines in the larger circles and an X inside the smaller squares within a specified amount of time, that being 1 minute. A score of 1 point is awarded for each design that has the correct mark in it and the points are tallied up in order to obtain the raw score for the subscale. In this study, the TVPS-3 Visual Sequential Memory and TVPS-3 Visual FigureeGround constructs as significant predictors (p < .05) represented 14.60% and 4.90%, respectively, of the total unique variance of the DTVP-2 Visual-Motor Speed construct.
The DTVP-2 Visual-Motor Speed subscale is a timed assessment task and children who have a higher speed proficiency and accuracy in relation to the number of correctly filled in forms are awarded a higher performance score. This indicates that Visual Sequential Memory and visual figureeground skills are significant building blocks for a child to perform well on tasks that require visual-motor speed skills. Bonifacci (2004) found that a test of visualmotor speed was the only assessment task on which children with known DCD significantly differed compared with typically developing peers. In a study by Tsai et al. (2008, p. 659) where 178 children with DCD and 200 typically developing children were assessed with TVPS-R, the children with DCD when "performing two tasks of visual memory and visual-sequential memory in the TVPS-R, appeared to be less proficient in memorizing a single form or a series of forms with the correct sequence under time pressure." Similarly, Zisi, Derri, and Hatzitaki (2003) found a significant relationship between movements associated with fast response selection (like visual-motor speed) and visual perception. In a study by , the relationship between visual perceptual deficits and motor impairments in a group of children with DCD and a matched control group was investigated. The children with DCD performed worse than the control group on all measures of static balance, reaction time performances, and visual perceptual skills. Tsai and Wu (p. 457) determined that "motor-free visual perception appears to be significantly related to motor performance having a speed component" in children with DCD. There was a significant correlation between motor-reduced visual perception tasks and motor functions on time-limited tasks or movements that required speed.
Limitations
There were a number of limitations associated with this study. It had a relatively small sample size; however, because participants volunteered to take part in the study, having a sample size of 45 deemed reasonable. Also as a result of this, all participants were recruited from only one state in Australia, which may indicate a geographical bias. Another study limitation was that all children were typically developing with no known disabilities or impairments.
Future research
It is recommended that future studies could be completed with a larger, more heterogeneous sample size from a larger and more varied/spread of geographical areas. Further studies may involve children with a known disability or who have a specific type of impairment or disorder that may affect their visual perception skills. The statistical analysis based on scores achieved by such sample groups could be then compared with the results of this study. Further studies may also include exploration of other aspects of the relationship between motor-reduced visual perception and motor-enhanced VMI. It is also suggested that the potential impact of specific visual perceptual abilities (e.g., visual contour, visual attention, eye tracking) using fine motor skills be investigated.
Conclusion
This study explored the relationship between two types of skill constructs (motor-reduced visual perceptual skills and motor-enhanced VMI skills) frequently assessed by therapists in children presenting with suspected developmental, psycho-motor, or learning problems. Four linear regression analyses were completed where the seven TVPS-3 visual perception constructs were the independent variables and the four DTVP-2 VMI constructs were the dependent variables. In three of the four DTVP-2 constructs (EyeeHand Coordination, Copying, and Visual-Motor Speed), two of the TVPS-3 constructs (Visual Sequential Memory and Visual FigureeGround) were the same significant predictors accounting for a percentage of the DTVP-2 VMI constructs' unique variance. In the fourth DTVP-2 construct (Spatial Relations), the TVPS-3 Visual Memory construct was also a significant predictor.
This indicates that the visual perception skill constructs of Visual Sequential Memory and Visual FigureeGround each play an important role in the execution of visualmotor tasks. More specifically, motor-reduced visual perception skill constructs that involve any type of visual memory are likely to be predictive of VMI constructs. This provides evidence that motor-reduced visual perceptual skills and motor-enhanced VMI skills are interdependent systems. It also indicates that therapists should assess both motor-reduced visual perceptual skills and motor-enhanced VMI skills in children as part of their clinical practice. This study has made a contribution to the empirical body of knowledge about the relationship between these two constructs. 
